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LITHOGRAPHIC PRINTING INKS COMPRISING ACID-FUNCTIONAL VINYL POLYMER AND POLYOL PHASE 

FIFI n OF THF INVENTION 

The present invention relates to compositions of lithographic printing 
5 inks and lithographic printing methods. 
RAPKfiRQUNP OF THF INVENTION 

Printing inks generally include one or more vehicles and one or more 
colorants as principal components. Printing ink vehicles must meet a number 
of performance requirements that include both requirements related to the 
10 printing process, such as suitable consistency and tack for sharp, clean 
images, suitable length to avoid fly or mist, or proper drying characteristics, 
and requirements related to the printed image, such as gloss, chemical 
resistance, durability, or color. In general, ink vehicles include one or more 
materials such as vegetable oils or fatty acids, resins, and polymers that 
15 contribute to the end product properties, and may include other components 
such as organic solvents, water, rheology modifiers, and so on that may affect 
body, tack, or drying characteristics. 

In lithographic printing, an inked printing plate contacts and transfers 
an inked image to a rubber blanket, and then the blanket contacts and 
20 transfers the image to the surface being printed. Lithographic plates are 
produced by treating the image areas of the plate with an oleophilic material 
and ensuring that the non-image areas are hydrophilic. In a typical 
lithographic printing process, the plate cylinder first comes in contact with 
dampening rollers that transfer an aqueous fountain solution to the hydrophilic 
25 non-image areas of the plate. The dampened plate then contacts an inking 
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roller, accepting the ink only in the oleophilic image areas. The press 
operator must continually monitor the printing process to insure that the 
correct balance of the fountain solution and the ink is maintained so that the 
ink adheres to the printing areas, but only the printing areas, of the plate in 
5 order to produce a sharp, well-defined print. 

The industry has long sought an offset printing process and associated 
materials that would not require a separate fountain solution. Waterless 
plates have been made by applying to the non-image area a silicone rubber, 
which has a very low surface energy and is not wetted by the ink. The 
10 silicone-modified plates are expensive, however, and require expensive, 
specially-cooled press equipment because the fountain solution of the 
traditional two-fluid method also serves as a coolant. Other efforts have been 
directed to producing a single-fluid lithographic ink. i.e.. an ink that does not 
require a separate fountain solution, that can be used with the industry- 
15 standard presses and all-metal plates. Parkinson, in U.S. Patent No. 
4.045.232 (the entire disclosure of which is expressly incorporated herein by 
reference) describes lithographic printing and earlier efforts directed to 
producing a single-fluid lithographic ink and the tendency of single-fluid inks 
to be unstable. Parkinson notes that ink emulsions containing a solution of 
20 glycerin and salts tend to "break." with the result that the glycerin wets the 
inking rollers preventing good inking. Parkinson suggests an improved 
single-fluid ink obtained by using an additive that includes a resin treated with 
a concentrated mineral acid, and, optionally, a polyhydric or monohydric 
alcohol. Preferred polyols are glycerin, ethylene glycol, and propylene glycol. 
25 DeSanto, Jr. et al. in U.S. Patent No. 4,981.517 (the entire disclosure of 
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which is expressly incorporated herein by reference) describe a printing ink 
that is an emulsion of an oil-based phase and a water-miscible phase. The 
patentees allege that an emulsion containing a significant portion of water 
(10% to 21%) and employing phosphoric acid as a critical component has 
5 improved stability against phase separation and can be used as a single-fluid 
lithographic ink. The De Santo, Jr. composition further includes as a diluent 
and emulsion stabilizer an oil with the properties of No. 1 and No. 2 fuel oils 
and a polyol emulsifier. of which glycerin and ethylene glycol are the only 
examples provided. 

10 Nonetheless, due to various drawbacks of the single-fluid lithographic 

inks that have previously been proposed, including the limited stability and 
poor definition and toning already mentioned, the industry standard continues 
to be a dual-fluid lithographic ink that includes an ink component and a 
separate fountain solution component. 
15 Applicants have now discovered that an ink composition that includes 

a polyol phase dispersed or emulsified in an acid-functional vinyl resin vehicle 
phase overcomes these problems in a single-fluid lithographic ink. 

SI 1MMARY OF THF INVENTION 
The invention provides a single fluid lithographic printing ink 
20 composition that includes a hydrophobic phase and a polyol phase. The 
hydrophobic phase comprises at least a vinyl resin having carboxyl 
functionality. The term "vinyl resin" when used in conjunction with the present 
invention includes polymers prepared by chain reaction polymerization, or 
addition polymerization, through carbon-carbon double bonds, using vinyl 
25 monomers such as acrylic and methacrylic monomers, vinyl aromatic 
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monomers including styrene. and monomers copolymenzable with these. 
The vinyl polymers of the invention may be branohed by including in the 
polymerization reaction monomers that have two reaction sites. When the 
vinyl polymer is branohed. it nonetheless remains usefully soluble. By 
5 -soluble" It is meant that the polymer can be dl.ut.ed with one or more 
solvents. (By contrast, polymers may be crosslinked into Insoluble, three- 
dimensional network stntctures that are only be swelled by solvents.) The 
branohed vinyl resins of the invention unexpectedly retain soUMity in spite of 

significant branching. 
10 The invention further provides a method of making an ink composition 

having a phase that includes a vinyl resin having carboxy. functionality and a 
polyol phase. In another aspect of the invention, the vinyl-based printing ink 
is modified by the addition of another vehicle resin. The invention also 
provides a process of printing using the single fluid ink of the invention. 
15 The invention has unexpectedly provided stable inks that can be used 

as single fluid inks with improved resistance to toning. 

Q£m pp ppcrPiPTION OF THF INVENTION 
The invention provides a single fluid lithographic printing ink 
composition that includes a hydrophobic phase and a polyol phase. The 
20 hydrophobic phase comprises at least a viny. resin having carboxy. 
functionality. The term "vinyl resin" when used in conjunction with the present 
invention includes polymers prepared by chain reaction polymerization, or 
addition polymerization, through carbon-carbon double bonds, using vinyl 
monomers and monomers copolymerizable with vinyl monomers. Typical 
25 vinyl monomers include, without limitation, viny. esters, acrylic and 
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methacrylic monomers, and vinyl aromatic monomers including styrene. The 
vinyl polymers of the invention may be branched by including in the 
polymerization reaction monomers that have two reaction sites. When the 
vinyl polymer is branched, it nonetheless remains usefully soluble. By 
5 "soluble" it is meant that the polymer can be diluted with one or more 
solvents. (By contrast, polymers may be crosslinked into insoluble, three- 
dimensional network structures that are only be swelled by solvents.) The 
branched vinyl resins of the invention unexpectedly retain solvent dilutability 
in spite of significant branching. 
10 The carboxyl-functional vinyl polymers of the invention may be 

prepared by polymerization of a monomer mixture that includes at least one 
acid-functional monomer or at least one monomer that has a group that is 
converted to an acid group following polymerization, such as an anhydride 
group. Examples of acid-functional or anhydride-functional monomers 
15 include, without limitation, a.p-ethylenically unsaturated monocarboxylic acids 
containing 3 to 5 carbon atoms such as acrylic, methacrylic, and crotonic 
acids; a.p-ethylenically unsaturated dicarboxylic acids containing 4 to 6 
carbon atoms and the anhydrides and monoesters those acids, such as 
maleic anhydride, and tumeric acid; and acid-functional derivatives of 
20 copolymerizable monomers, such as the hydroxylethy. acrylate half-ester of 
succinic acid. 

It is preferred to include an acid-functional monomer such as acrylic 
acid, methacrylic acid, or crotonic acid, or an anhydride monomer such as 
maleic anhydride or itaconic anhydride that may be hydrated after 
25 polymerization to generate acid groups. It is preferred for the acid-functional 
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vinyl polymer to have an acid number of at least about 3 mg KOH per gram 
nonvolatiie, preferably an acid number of from about 6 to about 30 mg KOH 
per gram nonvolatile, and more preferably an acid number of from about 8 to 
about 25 mg KOH per gram nonvolatile, based upon the nonvolatile weight of 

5 the vinyl polymer. 

In a preferred embodiment, the acid-functional polymers of the 
invention are significantly branched. The inks of the invention include a vinyl 
polymer that is branched but usefully soluble. The branched vinyl polymers of 
the invention may be diluted, rather than swollen, by addition of solvent. The 
10 branching may be accomplished by at least two methods. In a first method, a 
monomer with two or more polymerizable double bonds is included in the 
polymerization reaction. In a second method, a pair of ethylenica.ly 
unsaturated monomers, each of which has in addition to the po.ymerizable 
double bond at least one additional functionality reactive with the additional 
15 functionality on the other monomer, are included in the monomer mixture 
being polymerized. Preferably, the reaction of the additional functional 
groups takes place during the polymerization reaction, although this is not 
seen as critical in the formation of a polymer according to the invention and 
the reaction of the additional functional groups may be carried out partially or 
20 wholly before or after polymerization. A variety of such pairs of mutually 
reactive groups are possible. Illustrative examples of such pairs of reactive 
groups include, without limitation, epoxide and carboxyl groups, amine and 
carboxyl groups, epoxide and amine groups, epoxide and anhydride groups, 
amine and anhydride groups, hydroxyl and carboxyl or anhydride groups, 
25 amine and acid chloride groups, alkyiene-imine and carboxyl groups. 
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onjanoalkoxysilane and carboxyl groups, iscyanate and hydmxyl groups, 
oyclio carbonate and amina groups, isocyanate and amine groups, and so on. 
Whan carboxyl or anhydnde groups are included as one of the reactive 
groups, they are used In a sufficient excess to provide the required carboxyl 
5 functionality in the vinyl resin. Specific examples of such monomers include, 
without limitation, glycldyi (meth)acrylate with (meth)acrylic acid. N- 
alkoxymethytated acrylamides (which react with themselves) such as N- 
isobutoxymethylated acrylamlde. gamma-methacnrloxytnalkoxysllane (which 
reacts with itself), and combinations thereof. In connection with the 
,0 description of this invention, the term •(meth)acrylate- will be used to refer to 
both the acrylate and the methacrylate esters and the term -(meth)acrylic- will 
be used to refer to both the acrylic and the methacrylic compounds. 

Preferably, the vinyl resin of the invention is polymerized using at least 
one monomer having two or more polymerizable ethylenically unsaturated 
,5 bonds, and pahiculany preferably from two to about four polymerizable 
ethylenically unsaturated bonds. Illustrative examples of monomers having 
two or more ethylenically unsaturated moieties include, without limitation. 
(meth)acrytate esters of polyols such as 1.4-butanediol di(meth)acrylate, 1.6- 
hexanediol di(meth)acrylate. neopentyl glycol di(meth)acaylate. trimethylol 
20 pnopane tri(meth)acrylate. tetramethylol methane «etra(meth)acrylate. 
pentaerythrito, ,etra(meth)acry1ate. dipentaerythritol penta(meth)acrylate. 
dipentaerythritol hexa(meth)acrylate, alkylene glycol di(meth)acrylates and 
polyalMene glycol di(meth)acrylates, such as ethylene glycol 
di(meth)acrylate, butylene glycol di(me.h)acnrtate. Methylene glycol 
25 dilmethlacrylate. methylene glycol di(meth)acryiate. and polyethylene glycol 
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di(me«h)acry,a.e; dhrinylbenzene, any, me.hacryla.e, dia.,yl ph.ha,a.e. diallyl 
te reph.hala.e, and the like, singly or in combinations of two or more. Of 
^ se , divinyibenzene. butyfene glyooi dime.hacryla«e, butanedio, 
d ime«hacryla.e. <rime.hy.o,propane Waeryiate. and pentaerytttntol tetra- 
5 ar^late are highly preferred, and divinyibenzene is stiil more highly preferred. 

Preferably, the branched vinyl polymer Is polymerized using at least 
about 0.008 equivalents per 100 grams of monomer polymerized of at least 
one monomer having a. leas. two ethylenically unsaturated polymerizabie 
bonds, or 0.004 equivalents per 100 grams of monomer polymerized of each 
I0 of two monomers having mutually reactive groups in addition to an 
athylenically unsaturated polymerizabie bond. Preferably, me branched vinyl 
polymer is polymerized using fmm about 0.012 to about 0.08 equivalents, and 
raore preferably from about 0.016 to about 0.064 equivalents per 100 grams 
„, monomer polymerized of the polyclonal monomer or monomers having 
1S a. least two ethylenically unsaturated polymerizabie bonds or of the pair of 
vomers having one polymerization bond and one addflonal mutually 
reactive group. 

The polyfunctions! monomer or monomers preferably have fmm two to 
four ethylenically unsaturated polymerizabie bonds, and more preferably two 
20 ethylenically unsaturated polymerizabie bonds. In one embodiment it is 
preferred for me branched vinyl resin to be prepared by polymerizing a 
rabdure of monomers that includes from about 0.5% to about 6%, more 
preferably fmm aboo.1.2% to about 6%. ye. mora preferably from about 1.2% 
,o about 4%. and even more preferably .mm about 1.5% to abou. 3.25% 
25 divinyibenzene based on me total weigh, of me monomers polymerized. 
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(Commercial grades of divinyibenzene indude mono-fun<*ona, andfor non- 
fcncfcna, materia,. The amount of «he commercial mafena, needed * 
provide the indicated percentages must be calculated. Fo, example. 5% by 
weight of a matenal mat la 80% by weight dfvinyibenzene/20% mono- 
, .undone, monomers would provide 4% by weigh, of the drvinylbenzene 
fraction.) 

The optimum amount of (1) divinyibenzene or other monomer having 
a, ieast two polymenzable ethylenically unsaturated bond or (2) pair of 
roomers having polymenzable group and additional, mu.ually-reac.ive 
10 gra ups that are included in me polymerization mixfore depends to some 
extent upon .he parUcular reaction conditfons. auch as the ra.e of addiUon of 
monomers during poiymerizaUon. the solvency of .he polymer being formed In 
the reacaon medium chosen, ft. amoun. of monomers relaflve to .he readion 
m edium. the half-life o, the IniUafor chosen a, me readion temperature and 
1S the amoun. of Miafor by weigh, of .he monomers, and may be de.em.ined by 

straightforward testing. 

Other monomers that may be polymerized along with .ha 
■ polyfoncaona, monomers and the acid-fondional monomers (or monomers 
w „„ groups that can later be converted .0 acid groups) indude. without 
20 iimitafJon. eaters of a.p-ethylenically unsaturated monocarboxylic adds 
containing 3 to 5 carbon atoms auch as esters of acrylic, methacylic. and 
cro .onic acida; a.p-ethylenically unsaforated dicarboxylic acids containing 4 to 
6 carbon atoms and the anhydrides, monoesfers. and diesfers of .hose adds; 
vinyf esters, vinyl e.hers. vinyf Ketones, an4 aromatic or heterocydic aliphatic 
25 viny. compounds. Represent examples of suifobie eaters of acrylic. 
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methane, and crotonic acids include, without limitation, those esters from 
re acton with saturated aliphaUc and cycloaliphatic aicohols containing 1 to 20 
carton atoms, such as me** ethyl, prop* fcopropyi. n-butyf. isobutyi. <ert- 
Duty1 2-e.hylhexy., In* sfea*. cydohexyl. thmefhylcyelohexyl. 
5 tefrahydtoftrrfu* stearyl. suitoethyl. and isobomyi acryta.es. methacry1a.es. 
and co.ona.es; and poiyaiKyiene glycol acry1a.es and me.hacryla.es. 
Represent examples of Cher ethylenically unsaturated poiymenzabie 
vomers include. w«hou. IMation. such compounds as tumeric, male., 
and Laconic anhydride, monoestors. and diesters with alcohols such as 
,0 methanol, ethanol. propanol, isopropanol, butonol, Isobutanoi. and tert- 
outanol Representative examples of polymerization vinyl monomer Include, 
without limitation, such compounds as vinyl acetate, vinyl propionate, vinyl 
etneta such as viny. ethyl ether, vinyi and vinyfidene haiides. and viny, ethyl 
Ketone. Represent examp.es of aroma.ic or he.erocycl* aliphatic vinyl 
15 compounds include, withou. limifction. such compounds as styrene. a-methyf 
stytene, vinyl toluene, .er.-bu.y1 serene, and 2-vinyl pyrrolidone. The 
selecuon of monomers is made on the basis of various factors commonly 
- considered in making ink varnishes, including .he desired glass .ransiUon 
tenure and the desired dilutability of me resulting polymer In the solvent 
20 or solvent system of the ink composition. 

The preferred vinyl polymers may be prepared by using convemlonal 
techniques, preferably free radical polymerisation in a semi-batoh process. 
For instance, the monomers, in«a.or(s), and any chain transfer agent may be 
fed a. a confrolled rate into a suitable heated reactor charged w»h solvent in a 
,5 semi-batch pmcess. Typical free radical sources are organic peroxides, 
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induding diaiM . such as dMert-bufyl peroxide and dicumyf 

peroxide, peroxyesters. such as MUX peroxy 2-e.hylhexanoa.e and .ert- 
butyl peroxy pivaiate; peroxy carbonates and peroxydicarbona.es. such as 
ted-bufyi peroxy isopropyf carbonate, di-2-ethylhexyl peroxydicarbonafe and 
5 dicyciohexy, peroxydicarbonate; diac* peroxides, such as dibenzoy, peroxide 
and diiauroyt peroxide; hydroperoxides, such as cumene hydroperoxide and 
.ert-butyl hydroperoxide; ketone pyxides, such as cydohexanone peroxide 
and me.hytisobu.yi ketone peroxide; and peroxykefals, such as l.t-biaftert- 
butyl peroxy^.S.S.tnmeu.y.cyciohexane and 1.1-biseed-butyf peroxy) 
10 cydohexane; as we>, as azo confounds such as 2,Z.azob,s(2- 
m ethylbu.anenitrile). 2.2'-azobis(2-mettiy1)propionMe. and 
azobisfcydohexanecarbonibiie). Organic peroxides are preferred. 
Particuiady preferred is ted-bury, peroxy isopropy, carbonate. Chain transfer 
agents may aiso be used in the poiymenzation. Typica. chain transfer agents 
are mercaptans such as ody, mercaptan, n- or ted-dodecy, mercapfan, 
Mfe acid, mercaptocarboxyiic adds such as mercap.oace.ic acid and 
mercaptopropionic add and their esters, and mercaptoethanoi; haiogenated 
compounds; and dimenc aipha-methyi styrene. Preferabiy. no chain transfer 
agent is induded because of odor and other known drawbacks. The 
20 parbcuiar initiator and amount of ihi.ia.or used depends upon fadors known to 
, h e person skiiied in the an. such as the readion temperature, me amount 
and type of soiven. (in me case of a soiubon poiymerization). me hai«e of 

the initiator, and so on. 

The addfcn po.ymerta.ion is usuaily carried out in solubon a. 
25 temperatures from about 2<TC .o about 300'C. preferabiy from about ,50'C 
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t0 ab0 u, 200-C. more preferably from abou, 160'C to about 165'C. 
Preferably, ma polygon is carried out with approximately the same 
re acrion temperature and using the same inWator(s) throughout. The initiator 
should be chosen so its half* a, the reaction temperature is preferably no 
5 m „re than aboutthirty minutes, particular* preferably no more than aboutrive 
minutes, and yet more preferably no more than about two minutes. 

minute at a temperature of from abou, 1KTC to abou, 200X. In genera,, 
more of ere branching monomer can be included whan the iniuator ha,.* is 
10 shorter and/or when more «iator is used. The vinyt polymer vehicles o, me 
inV enrion prefer^ have Me or no residual (unreacted, monomer content 
, n particular, me viny, vehicles are preferably substantia,* free o, rescue, 
monomer. i.e.. have less than about 0.5% residua, monomer, and even more 
preferably .ess than abou. 0.1% residua, monomer by weigh,, based on the 
15 total weight of the monomers being polymerized. 

,„ a semi-batoh process, the monomer and inWator is added to the 
peptization reactor over a period of time, preferably a, a constant rate. 
- Typically, the add times are from abou. 1 to abou, 10 hours, and add rimes of 
tan abou, ritree to abou, Ave hours are common. Longer add rimes typically 
20 produce lower number average moiecular weigh.. Lower number average 
secular weigh* may also be produced by increase, me rauo of solven. to 
monomer or by using a stronger solven. for .ha resulting polymer. 

,„ general, .he branched vinyl polymer of me invention has a low 
number average molecular wefch. and a broad po,ydispers,ty. The number 
25 average molecular weight and weigh, average molecular weigh, of a viny, 
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resi „ accoroing » the Invent can ba determined by gel permeaton 
^roroatography using po.yetyene etandards. which are available for up to 6 
„«on weigh, avaraga molecular weigh,, acceding to w*accep,ed methods. 
P„, yd ispe,s*y is de«ned aa the ratio of M. / M, * a preferred embodiment, 
5 , h e vinyl P*mer haa a number avaraga n»lecu,ar weigh, M of a. ieaa, 
3b ou, 1000. and more preferably a, Ieaa, abou, 2000. The number average 
molecular weigh, ia alao prefer* Ieaa unan abou, 15.000. more preferably 
,ess ,han abou. 10.000. and even more preferably leas than abou, 8500. A 

we ,b, should be a, ,eas, abou, 30.000. preferably a, leas, abou, 100.000. 
The weigh, average molecular wefch. (M.) is preferably up ,o abou, 60 
million, based upon a GPC determined using an available standard having 
15 6 miilion weigh, average moleclar we*h, A preferred range for M. is from 

,00 000 ,o abou, 1 million, and a sal, more preferred range is from abou, 
- ,00 000 ,o abou, 300.000. Kesins having u„ra-high molecuiar weigh, 

snoulders (above abou, 45 rr»n). which can be seen by GPC. are 

The polydispers*. or ra,io o, M. / H. may be up ,o abou, 10.000. preferably 
up ,o abou, 1000. The polydispersify is preferably a, leas, abou, 15. 
particularly preferabiy a, leas, abou, 50. The polydispersoy preferably falls ,n 
, ne range o, from abou, 15 to abou, 1000. and more preferably I falls ,n a 
25 range of from about 50,o about 800. 
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The theoretical glass transition temperature can be adjusted according 
to methods well-known in the art through selection and apportionment of the 
commoners. In a preferred embodiment, the theoretical T g is above room 
temperature, and preferably the theoretical T g is at least about 60° C, more 
5 preferably at least about 70°C. The methods and compositions of the present 
invention preferably employ vinyl polymers having a T g of from about 50°C to 
about 125'C. more preferably from about 60'C to about 100'C, and even 
more preferably from about 70°C to about 90°C. 

In one embodiment of the invention, the acid-functional vinyl polymer, 
10 which may be a branched vinyl polymer, is combined with other resins in the 
ink composition. Examples of suitable other resins that may be combined 
with the acid-functional vinyl polymer include, without limitation, polyester and 
alkyd resins, phenolic resins, rosins, cellulosics, and derivatives of these such 
as rosin-modified phenolics, phenolic-modified rosins, hydrocarbon-modified 
15 rosins, maleic modified rosin, fumaric modified rosins; hydrocarbon resins, 
other acrylic or vinyl resins, polyamide resins, and so on. Such resins or 
polymers may be included in amounts of up to about 6 parts by weight to 
about 1 part by weight of the acid-functional vinyl polymer of the invention, 
based upon the nonvolatile weights of the resins. 
20 In addition to the acid-functional vinyl resin and any optional second 

resin, the ink compositions of the invention preferably include one or more 
solvents. In a preferred embodiment of the invention, the branched vinyl resin 
forms a solution or apparent solution having no apparent turbidity in the 
solvent or solvents of the ink formulation. The particular solvents and amount 
25 of solvent included is determined by the ink viscosity, body, and tack desired. 
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In general, non-oxygenated solvents or solvents with low Kauri-butanol (KB) 
values are used for inks that will be in contact with rubber parts such as 
rubber rollers during the lithographic process, to avoid affecting the rubber. 
Suitable solvents for inks that will contact rubber parts include, without 
5 limitation, aliphatic hydrocarbons such as petroleum distillate fractions and 
normal and iso paraffinic solvents with limited aromatic character. For 
example, petroleum middle distillate fractions such as those available under 
the tradename Magie Sol. available from Magie Bros. Oil Company, a 
subsidiary of Pennsylvania Refining Company, Franklin Park. IL. under the 
10 tradename ExxPrint, available from Exxon Chemical Co.. Houston. TX. and 
from Golden Bear Oil Specialties. Oildale. CA, Total Petroleum Inc.. Denver. 
CO. and Calumet Lubricants Co.. Indianapolis, IN may be used. In addition 
or alternatively, soybean oil or other vegetable oils may be included. 

When non-oxygenated solvents such as these are used, it is generally 
15 necessary to include a sufficient amount of at least one monomer having a 
substantial affinity for aliphatic solvents in order to obtain the desired solvency 
of the preferred branched vinyl polymer. In general, acrylic ester monomers 
having at least six carbons in the alcohol portion of the ester or styrene or 
alkylated styrene, such as tert-butyl styrene, may be included in the 
20 polymerized monomers for this purpose. In a preferred embodiment, an ink 
composition with non-oxygenated solvents includes a branched vinyl resin 
polymerized from a monomer mixture including at least about 20%. preferably 
from about 20% to about 40%. and more preferably from about 20% to about 
25% of a monomer that promotes aliphatic solubility such as stearyl 
25 methacrylate or t-butyl styrene. with stearyl methacrylate being a preferred 
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5UCh m onome, . , preferred * «* - - — 56% ^ 

pref era b , y <rom — «* <° 70% M6,hy ' methaC " ate ° r 

5 s0 „en, if desired. A, Percent are » «* — ^" <* 
„e igM rf — n*dure pc*»— • preferred monomer 

„*o— .or vin y i p*o«. -or - « — ' 

^ac^c ester c, an aicoHoi hav,n 9 8-20 cadaon a,oms sue, as s,ea. 

M em— taW -^..^^ i * — " 

per een t - a — o, an a,co h o, h a.n 9 -0 ca.cn atoms 

es pec«v - — ^ '° ; 

80 P re,era Wy — ™. P— * ' ^ e " 

15 styre „e M an amoun, o, - — ""~ - *" 

about O,, pref e ra . y a toUt2 ,,oa b oa t ,pre f e raW a b c Ut ,we, gM pe r can t 

o, ac^lic add or, more P referab,y. of methacrylic add. 

, east 3 b ou, 1 00.Cand P ra ( era bly no« m ora,ana b ou t55 0.C.O ff se tP «n 9 

, L . m Qhftllt 20 to about 85 percent by weight of 
usually are formulated with from about 20 

so ,en«a sucn as r*era, *. * - — P " 
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sofcen, eonfen. .or lithographic inks is up * about 60 % . which may indude 
ote as par, o, ft. sofcen, package. Usually, a, leas, about 35% solvent is 

hw. ink When used to formulate the preferred ink 
present in lithographic ink. When u« 

varnishes or vehicles, including the 
'compositions of the invenbon, these varnishes o 

5 branched vinyl resins, are typically clear, apparent solutions. 

The ink compositions of the invenbon wi. usually include one or more 
pigments. The number and kinds of Pigments will depand upon the kind of 
ink heing formulated. News Ink composes typically w,» indude only one or 
„„, y a few Pfcments, such as carbon black, while gravure inks may indude a 
10 ^re complicated pigment package and may be formulated in many colors. 
lndu d,ng colors with special effects such as peadeecence or metallic effect. 
Uhographic pdnbng inks are typically used in four colors - magenta, yellow. 
blac k, and cyan, and may be formulate, for peartescence or mefallic effect 
m of me customer inonganic and organic pigments may be used in the ,nk 
15 pomposUionsoftheprasent invenbon. A—, .he compositions ofthe 

„ (air drying, or varnishes (curing, are intended to be dear or 
. .. transparent and thus opaque pigments are no. induded. 

Uhographic ink composes according «o .he invenbon are 
20 Elated as single-fluld inks having an oil-based continuous phase that 
eon.ins the acid— vinyl vehide and a polyo, discon.inuous phase 

twa rd me polyo, phase. The stability is such that the *. phases do no, 
separate in bra fountain. Dudng application o, the in, however, the emulsion 
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qutakl y ,o separate en the plate print deanly wimou, toning and prov.de 
consistent transfer cna.c.erisdc, Proper sUb»«y also may depend upon the 
particular add-funcUona, vinyl polymer and Ore particular polyo, chosen. The 
, acid number and molecular weight may be ad)us.ed ,o provide the desrred 
s t abi,Ky. Hfcher add number viny, resins can be used in lower amounts, but 
me acid number cannot be excessively high or else the vinyl po,ymer will no. 
to sufficient soluble in me hydrocarbon soivent. In genera,, . is believed 
« an increase in add number o, me acid-funCona, vinyi resin should be 
,„ accompanied by a debase In the amount o, such resin induded in the 

hydrophobic phase. 

PCyethylene glyce, oligomers such as diethyls g,ycol, Methylene 
flly co, and tetraeihylene glycd. as we,, as e.hy,ene glycol, propylene glycol, 
and dlpropylene giycol. are examples o, .iguid polyo,s tha, are preferred for 
15 «. polyo, phase of are single*. in* of .he invention. The polyo, phase 

add number viny. or ac^lic polymers are used wi* higher molecular weight 
- polyols. The polyo, phase may include further maferia,, A weax add such 

20 famine, may be induded in an anx,un, o, fnom abou. 0.0, weigh, 
percent up to abou, 2 weigh, percen, o, me ink composition. Certain saHs 
such as magnesium nHra.e may be induded In amoun.s o, f™m abou, 0.0, 
w eigh, percen, « abou, 0.5 weigh, percen,, preferably from abou, 0.08 ,o 
abou, 1 .5 weigh, percen, based on me weigh, o, ,he InR compost. ,o help 
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polyvinylpyrollidone, may be added to aid in wetting of the plate. From about 
0.5 weight percent to about 1.5 weight percent of the polyvinylpyrollidone is 
included, based on the weight of the ink composition. 

Single-fluid inks may be formulated with from about 5% to about 50%, 
5 preferably from about 10% to about 35%. and particularly preferably from 
about 20% to about 30% of polyol phase by weight based on the total weight 
of the ink composition. Unless another means for cooling is provided, there is 
preferably a sufficient amount of polyol in the ink composition to keep the 
plate at a workably cool temperature. The amount of polyol phase necessary 
10 to achieve good toning and printing results depends upon the kind of plate 
being used and may be determined by straightforward testing. Up to about 4 
or 5% by weight of water may be included in the polyol phase mixture to aid in 
dissolving or homogenizing the ingredients of the polyol phase. 

It will be appreciated by the skilled artisan that other additives known in 
l5 the art that may be included in the ink compositions of the invention, so long 
as such additives do not significantly detract from the benefits of the present 
invention. Illustrative examples of these include, without limitation, pour point 
depressants, surfactants, wetting agents, waxes, emulsifying agents and 
dispersing agents, defoamers. antioxidants. UV absorbers, dryers (e.g.. for 
20 formulations containing vegetable oils), flow agents and other rheology 
modifiers, gloss enhancers, and anti-settling agents. When included, 
additrves are typically included in amounts of at least about 0.001% of the ink 
composition, and may be included in amount of about 7% by weight or more 
of the ink composition. 
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The compositions of die invention are partisan, suited for use in 
graphic applioafions. incfuding. wfthou, limMon. as heafsef inks, news 
lnks and sheetfed inks. Offset printing processes In which the inKs of me 
invent may be used are we^nown in the art and are described in many 
5 publications. 

The invent is illustrated by the following examples. The examples 
are merely illustrate and do no. in any way M the scope o, the invention 
as described and daimed. Al, parts are parts by weigh, unless Cherwse 

noted. 
10 Examples 

F ^ m p i. 1 Pmoa nti-1 "f 1 Varnish 

An amoun. of 44.19 parts by weigh, of Tote. 220 (a petroleum middle 
dfe «a.e fraction available from Tote, Pe.ro.eun, Inc.) is charged «o a glass 
re acter equipped wi.h sdrrer. ntoogen inlet. .o.a, reflux condenser, and 
15 m onomer inlet The solven. is heated «o 160X wtth stirring under a blanKe. o, 
nitro gen. A monomer mixture of 36.01 parts by weigh, styrene. 12.27 parts 
by weigh, steary, melhacrylate. 2.62 parts by weigh, divinylbenzene. 1.89 
parts b y weigh, meteacrylic acid, and 2.79 parts by weigh, ,-buty, peroxy 
iscpmpyl cartoonate (75% soluflon in mUiera. spirits, is added .o .he reactor 
20 over a period o, Ihree hours. After .he monomer addiUon is complete. 0.23 
parts b, weigh, of t-buty, peroxy isopropy, carbonate is added over a period o, 
naeen minutes. The temperature is held a. 160'C for an additional h» hours 
to allow for complete conversion of me monomer ,o polymer. The measured 
amoun, of non-volaflle malter (NVM) is 55%. The percent conversion. 
25 measured as NVM divided by me percent o, the lota, weigh, o, monomers. ,s 
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100.1. The acid number on solution is 12.0 mgKOH per gram. Theviscosity 
is 30 Stokes (bubble tube, 54.4'C). The solvent tolerance is 230% and the 

NVM at cloud point is 16.7%. 
nrnmr)a o Preparation of * Vinvl Varnish 
5 An amount of 44.22 parts by weight of Golden Bear 1 108 (a petroleum 

middle distillate fraction available from Golden Bear Oi. Specialties) is 
charged to a reaction flask equipped with stirrer, nitrogen inlet, total reflux 
condenser, and monomer inlet. The solvent was heated to 145°C with 
stirring. A monomer mixture of 33.86 parts by weight styrene, 12.6 parts by 
10 weight steary. methacrylate, 3.1 parts by weight n-butyl acryiate, 1 .31 parts by 
weight divinylbenzene HP (80% divinylbenzene), 1.89 parts by weight 
methacrylic acid, and 2.89 parts by weight t-butyl peroxy isopropyl carbonate 
is added to the reaction flask over a period of 3 hours. After the monomer 
addition is complete, 0.23 parts by weight of t-buty. peroxy isopropyl 
15 carbonate is added to the flask over a period of 15 minutes. The temperature 
is held at 145°C for an additional two hours to allow for complete conversion 
of the monomer to polymer. The measured amount of non-volatile matter 
(NVM) is 56%. The percent conversion, measured as the percent of the total 
weight of monomers converted to non-volatile matter is 101.5. The acid 
20 number on solution is 12.0 mg KOH per gram. The viscosity is 47 Stokes 
(bubble tube, 54.4°C). The solvent tolerance is greater than 1400% and the 
NVM at cloud point is less than 3.7% (i.e., no cloud point is observed yet at 
this dilution). 
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-^^I^T^h, of C— BOO (a P™ 
mMd ,e d«a,e fracdon ava«ab,e - Ca-ume. Lubdcants CO * charged - 
a g ,ass reactor eguipped w«h surrer. nitrogen inle, «- — «— - 
5 m0 nomerin,et The solvent is heated to 145°C with stirring under a blanket of 
„^en. A monomer mature o, 350, pads by weigh, slyrene. 131 .3 pads 
by weigh, stearyl methacrylate. 42, par* by weight n-huty, acryla,e. 17, 
pads by weigh, dtvinyihenzene HP. 9.3 pads hy weigh, mee.acry.ic acid, and 
29 2 pads hy weigh, ,-bu.y, peroxy isopropy, carbonato (75% soUdUon in 
10 min e ral spid K ,isadded,o,hereac tt roverapedodo,,hreehours. A«er.e 

„r addi«on is compiete. 2.4 pads hy weigh, o, ,-bu* peroxy ^ 
ebon- is added over a pedod o, *en ntina.es. The temperate ,s he. 
at U5-C for an addiUona, two hours .o aiiow for complete converse o, *. 
center ,o poiyme, The measured amoun, of non-voiafiie mader (NVM) is 

• „ m »» 5 ured as NVM divided by the percent of 
,5 56%. The percent conversion, measured as N 

, mors is 101 6 The acid number on solution is 6.3 
the totel weight of monomers, is 101.O. 

... i. « Stakes (bubble tube, 54.4°C). The 
mg KOH per gram. The viscosity is 35 Stokes (bu 

- ■ aolven,to,e ra nceis80%and*eN V Ma,cloudpoin t is31.0%. 

M An amoun, o, ,546, pads by we«h, of ExxPdn, 2630 (a peMeum 

mid dle d,s«a,e fraction available from Exxon Chemical Co, is charged ,o a 
g ,ass reacor eguipped wi,h s«rre, ndrogen inle,, to., r*x condenser, and 

nttro ge, A monomer mixture of 1246.5 pads by wefch, styrene. 429, pads 
25 by weigh, sfeatyl m«, 102.6 pads by weigh, n-bulyl ac*a,e. 66.9 
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parts by weigh, dfcinytbanzene *■ - 85 7 -* " W8Sht ^ 
„, canoona,e (75% soiution ,n minora, spin*, is added 1o the — 
over a period - *- "ours. After the monomer addKion is complete. 16.4 
parts „y wefch. o, .-buty, peroxy isopropy. cerbonete is addad ova, 
, tmeenminutes. The temperature is held a. 

t0 a»ow for comp,ete — o« ft. — 1o po»mer. Tne measured 
am oun. af noa-va,a,i,a metter (NVM) is 56%. The percen, conversion. 
m easured as NVM divided by ft. P-can, of tha to*, weigh, of monomers. ,s 

.. „ , R stokes (bubble tube, 54.4X). The solvent 
101.4. The viscosity is 26 StoKes touuu 

10 taleranoe is 160% and the NVM at cloud point is 21 .5%. 

F- rT P '° s Pa 1 1 ii iitinn -' r H*"""" a '"° 

the Invention 

lowing Mixture 5B with slirdng. The M compost is n*ed .or 20 
B m inu,es on a disperse*, making a vodex and holding ana lemperalure 
un0 er 140-F. The in* composition has a single fall lime Laray o, 14 to 

=t wc When used in a single-fluid heatset 
seconds for 500 grams at 30 C. 

, ith0 graphic prWng process, me InK prints without toning. 
Mixture 5A: 

20 Mix in a glass baaKer unt« clear 181.0 grants o, die.hy.ene glycol. 8.0 

t HiothviPne alvcol and mix until homogenous, 
nitrate. Add 191 .2 grams of diethylene giycoi 

Mixture 5B: 

Mix, using a high-speed mixer, 46.0 grams of ,he vinyl vehicia 
25 Example 1, 4.0 grams o, B,e Rush 12-FH-320 (available from CDR 
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Con.ora.ion. EfcabeWown. KY) 1.0 gram technical grade Soy oi, (available 
from Cacgill. Chicago. ,L, and 0.6 grama of an anaoxidan, While mixing, add 
34 4 grams of a hydrocarbon .sin solufion (60% UX-2600 in EXX-Pnn, 283D. 
availa b,e from Nev»,e,. 27.0 grams o, a carton blac* (CSX-156 aveifcble from 
5 cabo, Corp.). and 1.0 gram of a pcfylefrafruoroethylene wax (Pinnae* 
96 00D availabie from Canol Scientific). Mix a. a high speed lor 30 minu.es 
„ 300-F. Slow .he mixing speed and add 27.0 grams of EXX-Pdnl 588D 

^ M .i iho nremix in a shot mill to a suitable grind, 
(available from Exxon). Mill the premix .n a 

«f 1 ro. to 240 Doise and a Laray yield of 800 
Mixture B has a Laray v.scosity of 180 to po. 

l0 to 1200 (according to test method ASTM D4040: Power Law - 3k. 1.5k, 0.7k. 
0.3k). Mixture 5B is tested on the Inkometer for one minute at 1200 rpm for a 
measured result of 25 to 2g units. 

thg invention 

15 Mixture 6A: 

A mi>dure o, 87.0 grams of dielhylene glycoi. 12.7 grams of glycenn. 
0 18 gram of ci.de acid monohydra.e. and 0,8 gtams of magnesium n«ra.e 
- hexahyd ra .e are surred wi.h heat (at 130-140'F) until homogenous. 
Mixture 6B: 

A blend of 40.2 grams of a gilsonite varnish. 0.8 gram oroni«e. 17.9 
gram5 MSO solvent (available from Calumet,, and 41, grams of a carbon 
b,acK (CSX-320 from Cabo, Corp.) were muted with shear 10 a 4.0 on the 
Hegman grind gauge, and men ground in a sho. mill fo a gdnd on a 2 m,l 
gaug e of a. leas, 0/10. The Laray viscoaKy at 30'C is measured as 296 po.se 
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2 00 grams o, added weigh, (t 25% accuracy, and ghres an UiRometer readtog 
a, 90-F (32-C, for 1 minute a. 400 rpm Wowed immediately by 1 minute a, 
1200 rpm of 5-10 units. 
News Ink: 

jhe news in* is prepared by mfcing together 32.4 grams o, the mixtore 
B and 37.6 grams of Example 2 to obtain a Mixture 6C having an inKometer 
re ading at WF (32-C) .or 1 minute a, 400 rpm followed immediate* by 1 

10 gram s of added weigh, <* » accuracy, and a viscosity as measured 

9000 1500 1000, 500) a, 2500 s' of 
acconling to ASTM D4040 (power law 2000, 1500, 

2 S5 poise withapseudo yield -170. dynes per cm> To oblain the in, 30 
minute , The resuming inK has a single falHme uray a, 30-C o, 21 seconds 

lithographic printing process. 

Examp.es 7-12 and Compared Examples A-D 

T „e Examples 7-12 and Compare,- Examp.es were prepared by 

20 printing process. 



J 
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ExxPrint 283D 0/ of the hydrocarbon varnish solution, 3% 

2. 45% carbon black pigment in 51 h ottne nyaruo 

soy oil, 1% of antioxidant 

3. Mixture 5A of Example 5. 



Material 



Comparative 
Example A 



Comparative 
Example B 



Comparative I Comparative 
Example C | Example D 



Tone 



4. 55% RP 369 (avai 



(not stable 
enough to run) 



(not stable 
enough to run) 




(not stable 
enough to run) 



Immediate 
(tones on first 
sheet) 



10 



Wf^Tv^^ 
The inventor has been described in detail with reference .o preferred 
ernbodirnen.s .hereof. U shouK be understood, however, mat vanadons and 
^cations can be made within ft. spin, and scope of .he inventor and o, 
the following claims. 
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What is claimed is: 

1 A lithographic ink composition, comprising 

a continuous phase comprising an acid-functional vinyl resin and 
a polyol phase comprising a liquid polyol. 
5 2 A lithographic ink composition according to claim 1, wherein the iiquid 
polyo . is selected from the group consisting of ethylene glycol, diethyls 
glyco .. methylene glycol, tetraethylene glycol, propylene glycol, dipropylene 
glycol, and mixtures thereof. 

3 A limographic inK composKion according to Cairo 1. whereio .he inK 
10 composKon indudes from about 5% to about 50% o, .be polyo, phase b, 

weight. . 

4 A Khographic inK composfcn according .o daim 1, wherein the 

weight. . 
A lithographic inK composHion according .o daim 1. where, .he ,nK 

weight. 

6 . A iithographic inK composition according .o daim 1 . wherein .he polyo, 
phase includes a weaK acid or a weaK base. 
20 r . A lithographic inK composition according to claim 1 , wherein the polyo! 

phase include magnesium nitrate. 

,. A lithographic inK composition according .0 daim 1. wherein .he polyol 
phase is nonaqueous. 



15 5 
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9. A lithographic ink composition accordbig to claim 1 , wherein the vinyl 
po, ym e, has as acid number of at leas, about 3 mg KOH per gram 
nonvolatile. 

,0. A fflhographic ink composition according to claim 1, wherein the vinyl 
5 polymer has as acid number of from about 3 to abou. 30 mg KOH per gram 
nonvolatile. 

H. A lithographic ink composition according to claim 1. wherein the vinyl 
polymer has as add number of from abou. 8 to about 25 mg KOH per gram 
nonvolatile. 

10 12. A lithographic ink composition, comprising 

a continuous phase comprising a branched, acid-functional vinyl resin 

and 

a polyol phase comprising a liquid polyol. 
13. A lithographic ink composition according to claim 12, wherein the vinyl 
15 resin has a number average mo.ecu.ar weight of between about 1000 and 
about 15,000 and a weight average molecular weight of at least about 
100,000. 

,4. A lithographic ink composition according to claim .. wherein the 
continuous phase further includes a member selected from the group 
20 consisting of polyester resins, hydrocarbon resins, alkyd resins, phenolic 
resins, rosins, celluloslo resins, and modifications thereof, and mixtures 
thereof. 

15. A method of making a lithographic printing ink, comprising a step of 
combining a first composition comprising an acid-functional vinyl resin and a 
25 second composMon comprising a liquid polyol, whereby a printing ink is 
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formed having as a continuous phase the first composition and as a 
discontinuous phase the second composition. 
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